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Field 

This invention relates to new plasticised 
polyesters containing 1 to 35 wt % of selected imide 
ester plasticizers. The plesticised pollsters have 
substantially reduced volatility and emoKxn, melt 
viscosities, melting points, and glass transition 
temperature as well as improved processing 
characteristics. These plaetici.ed "V"*^" 
useful as adhesives in the form of 1*"^' „ 
pellets, rods, melt blown webs, and flexible films 
"Si -s for use in extruded flexible shapes (e.g.. 
tubing) . 

Background a* Invention. 

.tro», b««. vl.e..t.y .t th. ,oiy..» i. 

' l -ttt it i. aittie.lt. if not U,«.ib". t. 

' ,,,1P «!«; ,i..tlcl«« «. .tt.c*l« i» ~«tyi»9 

»,t.» .. twt th.y «y *. ...a i« »J» 'W 

Ho».»»t. th... .«« ,i.«lclx.r. «wb « 
inc.nw.tibi. with poly..t«.. wh " Mlt 
ViscoBitieB low enough that they can oe 
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conventional application equipment for hot-melt 
adhesivee. However, the polyester portion of these 
blends has a tendency to decrease in inherent 
viscosity (I.V.) when the blends are heated. U.S. 
Patent No. 4.172.824. U.S. Patent No. 4.094.721. U.S. 
Patent No. 3.186.961. U.S. Patent No. 2.044,612. 
Canadian Patent No. 919.190. British Patent No. 
815.991. and U.S. Patent No. 4.340.625 are of 

interest. . _ 

, Fiasticizere used with polyester polymers 

generally encounter relatively high processing 
temperatures and shear conditions and the 
Pla.tici.ers tend to voiatili.e causing unacceptable 

conditions. ; . *• limited number of 

* it ha. now been found that a limneo »u 

5 It ha. n ci 8 £0£ cettaln polyester. 

imide ester, are plasticizets 

... tut i«corp.x.tio. of th... "«"-' > » 1 "»« 

,„ t.»p«.t»r.. ot «... poly." « "» " 

th7-.lt vi.clty ».!«« ot to... »l.n... »«• 

voWtUit, On. —Wo. «0«o Pr00...oa ot oi,h 

25 tW '"rp.;.ot W.« OUCXO... .1.-. •« 

*.rt.U POlyCtonon. ^"T^" 
.ontoiolo, o.lplc - Wi 
„l.ct.a booioate ootot pl..tiel«r.. 

0... POtoot 4..S0.250 ol.el.«, owr,*... « 

and mixed phosphorus esters. 

,..*iioa pi..ti«i.- poiyootoo ...p..iti.» 

cB.roct.iiMa os eoopri.io. 
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b) 



at least one amorphous copolyester or 
crystallizable copolyester having a melting 
temperature off less than 230°C. and a heat 
of fusion of less than 18 calories per 
gram, and 

a plasticizing amount of a compound of the 
formula 




wherein R, is a linear or branched aliphatic 
hydrocarbon group having 2 to 20 carbon atoms or 
a cycloaliphatic or aromatic hydrocarbon group 
haying 6 to 20 carbon atoms and R 2 is a linear 
or branched aliphatic hydrocarbon group having l 
to 20 carbon atoms, a cycloaliphatic hydrocarbon 
group having 5 to 20 carbon atoms or an aromatic 
hydrocarbon group having 6 to 20 carbon atoms. 

The dicarboxylic acid component of the polyester 
may consist of aliphatic dicarboxylic acids having 
4-12 carbon atoms, or alicydlic dicarboxylic acids, 
or aromatic dicarboxylic acide having 8-18 carbon 
atoms- or mixtures of two or more of these diacids. 
Examples of such dicarboxylic acids Include succinic, 
gluteric. adipic. azelaic. sebacic. 
1.12-dodecanedioic . 1 . «-cyclohexanedicarboxy lie . 
V.?-c^<?ipiexanedicarboxylic. terephthalic. 

ieophthalic. and the ilk*. ' 

Tie glycol component of the polyester may 
consist of aliphatic diols having 2-12 carbon atoms 
and *Iiciciic diols having 6-18 carbon atoms, and 
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selected poly(ethylene glycols) or mixtures of two or 
sore of these diols. Examples of such diols include 
diethylene glycol, triethylene glycol, ethylene 
glycol, propylene glycol. 1.3-propanediol. 
5 1,4-butanediol. l.5-pentanediol. l.6-hexanediol, 

1 . 3-cyclohexanedimethanol . l . 4-cyclohexanedimethanol . 

and the like. 

The polyesters are readily prepared ue<ng 
typical polycondensation techniques well known in the 
10 art. Typical polycondensation catalysts which may be 
used include titanium alkoxides. dibutyl tin 
dilaurate. and combinations of zinc, manganese, or 
nagnesium acetates or benzoates with antimony oxides 
or antimony triacetate. 

Useful polymers may have I. v. values ranging 
from about 0.4 to about 1.2 with preferred polymers 
having I.V.. values ranging from about 0.5 to 1.1. 

The polymers are amorphous or crystalline and 
generally have heats of fusion (oH f ) lees than 12 
calories/gram. The polymers generally have me ting 
points measured by differential scanning calorimetry 

of 80°C to 23Q°C. 

operable polyesters include both amorphous and 
crystallizable polyesters. Preferred polyesters 
include amorphous polyesters or relatively low 
melting polyesters with melting joints up to about 
230-C which have heats of fusion of less than about 
18 calories per gram of polymer. Very high melting 
polymers such as polyethylene terephthal.te) and 
polyU.d-cyclohexylenedimethylene terepbthalate) 
gene allY «e -t operable in the practice of this 
'invention because of the rather high te.per.ture e 
(250-C and above) required for processing these 
blends. 
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Some useful polyesters include poly(ethylene 
terephthalate) copolyesters modified with 
cyelohexanedimethanol or diethylene glycol, 
poly(tetramethylene terephthalate) modified with 
5 giutaric acid and diethylene glycol. 

poly(hexametbylene terephthalate) modified with 
giutaric acid and diethylene glycol. poly(l.4-cyclo- 
hexylenedimethylene i.«-cyclohexaned*carboxylate) 
modified with trimellitic acid and 
10 P oly(tetramethylene glycol). polyChexamethylene 
terephthalate) modified with 1.4-butanediol. 
poly(hexamethylene terephthalate) modified with 
isophthalic acid and 1.4 -butane* iol . 
poly(tetramethylene terephthalate) modified with 
ieophthalic acid. poly(1.4-cyclohexylenedi»ethylene 
terephthalate) modified with ieophthalic acid, and 

the like. tt .*„ na 
The imide ester plasticizers of the compositions 

according to this invention are usually present in 
amounts of 1-35%. preferably 5-25% by weight of the 
compositions. In the structural formula given above 
for the imide ester. \ may contain 2 to about 20 
carbon atoms and may be a linear or branched 
aliphatic hydrocarbon group: it may also contain 
25 cycloaliphatic or aromatic hydrocarbon groups but 

will generally have a .ethylene group adjacent to the 
ester and imide functions. 

r may contain 1 to 20 carbon atoms and may 
contain a linear or branched aliphatic hydrocarbon 
group, cycloaliphatic group, aromatic group, or 
IliylUulatiiuted cycloaliphatic or aromatic group. 
Such imide esters may be made using conventional 
techniques well known in the art. 

The plasticizer may be incorporated into the 
35 polyester by heating the plasticixer and polymer at 
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temperatures of about 75°C to about 250 W C using 
mixing rolls. Banbury Bills, extruders, and the like 
or the components may be dissolved in a, mutual 
solvent followed by evaporation of the solvent. 
5 The presence of the plasticizer provides 

significantly improved processing characteristics for 
the blends. For example, fibers and films may be 
extruded at temperatures lower than that required for 
the unmodified polyesters. The plasticizeJ fibers 
10 may be used as a binder for nonwoven polyester 

fabrics and the bonding is conducted at relatively 
low temperatures. Plaaticized films are readily used 
for laminating fabrics or attaching labels and 
emblems at low bonding. temperatures. Generally, the 
15 plaaticized films have better flexibility than the 

unmodified films and thus provide better hand for the 
bonded fabrics. Since the plaetlcizere are highly 
compatible with the polyesters, no exudation is noted 
on the surface of the films- 
20 Piasticized polyester blends are readily reduced 

to powder by cryogenic grinding techniques using 
pinmill or hammermill grinders. These powders may be 
„ B ed on fusible interlining fabrics or used to bind 
nonwoven fabrics and bonding is achieved at 
relatively low temperatures. In the binding of 
nonwoven fabrics, the piasticized powders may be 
applied to the nonwoven material from a water 
dispersion or by spraying the dry powders onto the 
fibers with an electrostatic spray gun. The dry 
30 powders may also be applied from a scatter coating 
roll applicator such as a Schilling roll. 

The polyester blende are readily extruded, into 
tubing and the tubing is much more flexible than the 
unmodified polyester. These flexible tubings are 
35 quite easy to wind onto a core. 
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The following examples ace submitted for a 
better understanding of the invention. 
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Example 1 

5 polyester I pellets (0.5 g; Polyester I is a 

copolyester containing terephthalic acid. 69 mol % 
ethylene glycol, and 31 mol % 

1.4-cyclohexahedimethanol; X.V. - 0,60. T g - 73«C. 
amorphous ; AH^ 0 cal/g: melt index at 190-C - . 9 
10 g/io minutes) *re placed in a Pyrex test tube with 
25 mL of 2. 2-dimethyl-3-phthalimidopropyl 
2-ethylhexanoate (boiling point 225-300-C at 3 mm) 
and the mixture is heated to 160-C with stirring. 
The polymer is dissolved readily and forms a clear 
15 solution. Similar results are obtained when 

Polymer I is replaced with Polymer IX. Polymer II is 
a copolyester containing 72 mol % terephthalic acid. 
28 mol % glutaric acid, 55 mol % 1.4-butanediol. and 
45 mol % diethylene glycol: (nH f - 3.6 cal/g; 
I.V, - 0.85; Tm - 110°C. Tg - 2 W C) . 

Similarly good solubility results are obtained 
when 3-phthalimidopropyl 2-ethylhexanoate. 
12-phthalimidododecyl 2-ethylhexanoate. 2.2- 
dimethyi-3-phthalimidopropyl butyrate. 2.2-dimethyl- 
25 3-phthalimidopropyl dodecanoate. 

2 . 2-dimethyl.3-phthali»idopr opy 1 p-dOdecylbenzoate . 
2-phthalimidoethyl p-decylbenzoate. 
t « - (phihal imidomethyl ) cyclohexy 1 ]methy 1 benzoate or 
2 . 2-dimethyl-3-phthalimidopropyl 
30 2.4 .6-trimethylbenzOate are used . 

ExamRlfi ? (Control) 

The solubility test of Example 1 is repeated 
with Polyester I using dioctyl phthalate plaeticizer 
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at a temperature of 200°C. The polyester melts and 
forms a liquid layer in the bottom of the test tube 
but it does not dissolve or mix with the dioctyl 
phthalate. When cooled to 23»C. the polymer 
solidifies and the plasticizer remains above the 
solid as a clear liquid. This example demonstrates 
that Polyester I is completely insoluble in a 
commonly employed plasticizer such as dioctyl 
phthalate in the 23*C to 200°C temperature range. 



10 



Example 3 

Polyester I {47.5 g) is heated with 
2.2-dimethyl-3-phthalimidopropyl 2-ethylhexanoate 
(2.5 g) in a Brabender Plastograph mixer at 1»0»C for 
15 5 minutes in the' melt phase to provide a blend 
containing S wt % plasticizer. The plasticized 
polyester has a melt index of 5.6 g/10 minutes at 
190°C and a glass transition temperature of 7l*C. 
The modulus of a 3 mil (0.08 mm) compression molded 
20 film is 216,000 psi (15217 kg/cm 2 ) by ASTK-882. For 
comparative purposes the unplasticized polyester has 
a melt flow rate of 2.9 g/10 minutes at 190-C and a 
glass transition temperature of 73-C. The modulus of 
a 3 mil (0.08 mm) film of the unplasticized polyester 
25 is 264.000 psi (18.599 kg/cm 2 ). 

T-peel bonds (4 x 4 inches) (10 x 10 cm) are made on 
a Sentinel heat sealer with 3 mil (0.08 mm) 
compression molded films of unplasticized polyester 
30 as well as with plasticized polyester using 

polyester/cotton twill fabric using five-second 
bonding time. 15 psi (1.06 kg/cm ,) gage pressure 
and the temperature shown below. The bonds are 
cooled on a stone bench top. 1/2 inch (1.27 mm) is 
35 trimmed from each side and three one-inch (2.54 cm) 
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T-peel bonds are cut fro© each specimen. Bonds are 
tested At 23°C on an Instron tester at a crosshead 
apeed of 2 inches/minute (5.1 cm/minute) with the 
following results: 



T-Peel Bond Strength. Pli 
Bonding Temperatures (kg/linear cm) 

op ( .« n»pi aB tici2ed nasticized . 

'■" . — to. 23) 6.2 (I*-*-*) 

10 284 (140) * ' 

4 4 (0.79) 11.5 (2.06) 

320 • (160) *•* lv# 

356 (180) < 2 '"> °- 5 ° 

Bonding temperatures above 400-F (204*C) scorch 
15 and degrade the fabric. This example illustrates 

that adding only 5V of the soluble plaeticizer to the 
polyester lowers bonding temperature and increases 
bond strength. Bonds made with the plasticized 
polyester show excellent resistance to five cycles of 
20 commercial laundering and dry cleaning. 

Rvample 4 

The procedure of Example 3 is repeated except 
that Polyester I is blended with 25 wt % of 
25 2.2-dimethyl-3.phthali»idopropyl 2-ethylhexanoate . 
The plasticized polyester has a melt index of 46.5 
g/10 minutes at 190-C and a glass transition, 
temperature of 30-C. The modulus of a 3 mi 
m) compression molded film by ASTH-882 is 28.000 psi 

30 (1973 kg/cm 2 ). k 
Compared to the unplasticized polyester, the 

plasticized composition is easily «^J™££ 
and tubing and injection molded inte shaped articles 
at much lower pressures and shorter cycle times with 
35 no smoking or volatilization of the plasticizer. 
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T-peel bonds 4x4 inches (10 x 10 cm) are made 
with 3-mil (0.08 an) compression molded film of 
unplasticized polyester as well as with plasticized 
polyester samples using polyester/cotton twill fabric 
on a Sentinel heat sealer at the temperatures shown 
below [five-second bonding time: 15 psi (1.06 
kg/cm 2 ) gage bonding pressure]. Immediately after 
bonding, the bonds are quenched by placir* the bonds 
on the stone bench top (temperature -23-C) until 
the bonds have cooled to room temperature. One-half 
inch (1.27 cm) is trimmed from each side and three 
one-inch (2.54 cm) T-peel bonds are cut from each 
specimen. Bonds are tested at, 23-C on an Instron 
tester at a crosshead speed of two inches/minute (5.1 
15 cm/minute) with the following results: 



T-Peel Bond Strength. Pli 
Bonding Temperatures (kg/linear c B) 

|Q<n unplasticized, Plasticized 

284 (140) 1-3 (0.23) 26.0(4.65) 

. . ro t 9 \ 20.7 (3.70) 

320 (160) «•« <°' 79) * 

ii & f2 43) 10.8 (1.99) 

356 (180) (Z-«J 

The addition of 25 wt % 2.2-dimethyl-3- 
phthalimidopropyl 2-ethylhexanoate to Polyester I 
caused an increase in bond strength from 1.3 pli to 
26 0 pli at a bonding temperature of 140»c. 

Bonding temperature could be reduced even below 
140-C with the plasticlzed polymer while the 
unplasticized polymer would not provide a bond at 
such low" temperatures . 

Similarly good results are obtained with 14- 
phthalimidomethyD'cyclbhexyrimethyl benzoate. 
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Example S 

Polyester I (4.25 pounds or 1.93 kg) and 0.75 
pounds (0.34 kg) of 2.2-dimethyl-3-phthalimidoprbpyl 
2-ethylhexanoate are melt blended in a 3/4 inch 
(1.9 cm) Brabender extruder at — 17S°C and 
pelletized. The blend is cryogenically ground in a 
Mikro pulyerizer with liquid nitrogen using a 
0.08-inch (2 mm) screen. After drying the powder at 
40 W C overnight under vacuum (25 inches of water; 
635 kg/in 2 ). 0.1 wt %. calcium stearate is dry 
blended with the powder. Then the powder is 
classified by screening through 70 and 200 U.S. mesh 
screens by shaking for 15 minutes on a mechanical 
vibrator. 

15 A polyester nonwoven web is formed by passing 

polyester staple fiber through a textile card machine 
to give a. web weight of 2 ounces/yard (47.5 
gm/m 2 ). Medium powder (70-200 mesh) of the 
piasticized polyester is fluidized with nitrogen and 
sprayed on the web with an electrostatic gun to give 
a uniform coating. The web is passed through a 
heating chamber of infrared heaters to fuse the 
adhesive powder and then through calendering rolls. 
The weight of. adhesive in the web is 15 wt %. The 
web has a nice soft hand and is strong and uniformly 
bonded in both the machine and transverse 
directions. Bonding of a nonwoven web with 70-200 
mesh powder of the unplasticlzed polyester in a 
similar manner gave a very weak web probably because 
of the high melt viscosity of the polyester and its 
inability to flow out. 
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Example 6 

' ••■-•The procedure of Example 5 is repeated except 
35 that Polyester II is melt blended with 10 wt % of 
2 ildimethyi- 3-phthalimidopropyl 2-ethylhexanoate. 
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A nonwoven veb bonded with medium powder (70-200 
mesh) of this plasticized polyester has a nice, soft 
hand and good strength in both the machine and 
transverse directions. 

5 

Example 7 

Polyester 1 is dissolved in methylene chloride 
with 10 wt % 2.2-dimethyl-?-phthalimidopropyl 
2-ethylhexanoate (based on the weight of polyest r). 
10 The methylene chloride is evaporated and the 

resultant blend is granulated and dried at 40«C under 
vacuum (135 mm mercury) overnight. The blend is melt, 
spun at 220»C using a 1.5 inch (3.8 cm) extruder 
equipped with a gear pump and a 45-hole spinnerette. 
15 The fibers are air cooled and wound oh a take-up 

roll. The filaments are subsequently drafted 3x at 
70-iOO-C. crimped at 23-C with 12 crimps/inch (4.7 
crimps/cm) in a stuffer box and cut into 1 1/2 inch 
staple fiber. A nonwoven web is prepared by mxing 20 
20 wt % of this binder fiber with polyester staple 

fiber, passing the blend of fibers through a Shirley 
textile card machine and then through a bank of 
infrared heaters to fuse the binder fibers and bond 
the web. The nonwoven web has a nice soft hand and 
25 good strength in both the machine and transverse 
direction. 

Unmodified Polyester I is noij spinnable into 
fibers at temperatures lees than >00»C. 

30 Example; 8 , . 

Polyester I is melt blended with 15 wt % 
2.2-dimethyl- 3-phthalimidopropyi 2-ethylhexanoate in 
a 1 3/4 inch extruder at a melt temperature of 
-225«C. the extruder blend is passed through a 

35 
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water cooling bath and pellet ized. The pellets are 
dried under vacuum at 40°C overnight. The blend has 
a melt index of 16.0 g/10 minutes at 190°C and a Tg 
off ~48°C by DSC analysis. The blend is injection 
molded on a New Britain molding machine at a melt 
temperature of 230*C into a spiral mold. The 
plasticized polyester flowed 85 mm at a pressure of 
700 psi (49.2 kg/cm 2 ) compared to 56 mm for the 
unplasticized polyester. 

The term "polyester" is used herein in a generic 
sense to include copolyesters. Also, esters of the 
acids rather than the acids themselves may be used in 
preparing the polyesters. For example, dimethyl 
terephthalate may be used in place of terephthalic 
15 acid if desired. 

Although not required in the practice of this 
invention, small amounts of stabilizers, pigments, 
colorants, flow aids, ant leaning agents, fluorescent 
agents or other additives may be used if desired. 

Whenever the term -inherent viscosity" (X.V.) is 
used in this application, it will be understood to 
refer to viscosity determinations made at 25*C using 
0.50 gram off polymer per 100 ml of absolvent composed 
Of 60 wt % phenol and 40 wt * tetrachloroethane. 

The -melting point" (Tm) of the polymers 
described ih this application are readily obtained 
with a Differential Scanning Calorimeter. 

The -heat of fusion- AH f of polymers is the 
amount of heat absorbed when crystallizable polymers 
are melted. AH £ values are readily obtained 
using biff erehtlal scanning Calorimeters 
(Perkin-Blmer). Por example, one method for 
determining "• AH- ie described in Journal of 
Applied Polymer Science 20.1209 (1976). Measurement 



20 



25 



30 



35 



i 



WO 87/03291 PCT/US86/02462 



- 14 - 



of AH ^ is also described in duPont Thermal 
Analysis Bulletin No. 900-8 (1965). Qualitatively it 
is possible to compare the degree of crystallinity of 
polymers by comparing their AH £ values. 

The strength of the bonds is determined by the 
so-called "Peel Test" based on the modification 
(i.e.. three test specimens) of the ASTM »T-Peel 
Test" set forth on pages 63 and 64 of the 1964 
edition of the BOOK OF ASTM STANDARDS, published by 
the American Society for Testing Materials, and more 
specifically identified as Test Number D-1876-61-T. 

Unless otherwise specified/ all parts, 
percentages, ratios, etc.. are by weight. 

The invention has been described in detail with 
15 particular reference to preferred embodiments , 
thereof, but it will be understood that variations 
and modifications can be effected within the spirit 
and scope of the invention. 
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1. A plasticized polyester composition characterized 
as comprising 

a) at least one amorphous copolyester or 
crystallizable copolyester having a melting 
temperature of less than 230»C. and a heat of 
fusion of less than 18 calories per gram, ana 

b) a plasticizing amount of a compound of the 
formula 
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2. 



3. 




-R.-0?1 



wherein R, is a linear or branched 
aliphatic hydrocarbon group having 2 to 20 
carbon atoms or a cycloaliphatic or 
aromatic hydrocarbon group having 6 to 20 
carbon atoms and R- is a linear or 
branched aliphatic hydrocarbon group having 
1 to 20 carbon atoms, a cycloaliphatic 
hydrocarbon group having 5 to 20 carbon 

atoms or an aromatic hydrocarbon group 
having 6 to 20 carbon atoms. 

A composition according to Claim l characterized 
in that the copolyester contains repeat units 
from at least «0 mole % terephthalic acid, .bout 
30 to 80 mole % ethylene glycol and about 70 to 
20 mole % of another glycol selected from 
diethylene glycol and cyclohexanedimethanol . 

A composition according to Claim 1 characterized 
in that the copolyester contains repeat units 
from terephthalic acid, glutaric acid. 
l.«-butaheaiol and diethylene glycol. 
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4. A composition according to Claim 1 characterized 
in that the copolyester contains repeat units 
from terephthalic acid. glutaric acid. 
1.6-hexanediol and diethylene glycol. 

5. A composition according to Claim 1 characterised 
in that the copolyester contains repeat units 
from i.4-cyclohexanedicarboxylic acid, 
trimellitic acid. i.4-cyclohexanedimetlunol and 

, poly(tetramethylene glycol) .; 

6 A composition according to Claim 1 characterised 
in that the copolyester contains repeat units 
from terephthalic acid . isophthalic acid . 
1.6-hexanediol and 1.4-butanediol . 

7 A composition according to Claim 1 characterized 
in that the copolyester contains repeat units 
from terephthalic acid, isophthalic acid and 
1.4-butanediol. 

J A composition according to Claim 1 characterized 
• in that the copolyester contains repeat units ; 

from terephthalic acid. 1.4-butanediol and 

1,6-hexahediol. 

g A composition according to Claim 1 characterized 
in that R x ia a 2.2-dimethyltrimethylene croup. 
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